Background: Multiple sclerosis (MS) is a demyelinating disease of the central nervous system. MRI has an important role in early diagnosis of MS within diagnostic criteria. Aim: To determine the diagnostic value of the double inversion recovery (DIR) sequence in detection of brain MS lesions. Methods: In this cross-sectional study, 55 patients were admitted to the MRI department in Vali-E-Asr Hospital in Qaemshahr, Iran, from May 2016 to February 2016. Imaging was performed on a 1.5T Philips MR system using DIR, fluid attenuated inversion recovery (FLAIR), and T2-weighted turbo spin echo (T2W_TSE) sequences with the same parameters, including field of view (FOV), matrix, slice thickness, voxel size, and number of signal averaging (NSA). The DIR sequence has two different time inversions (TI1=3400, TI2=325ms): suppressing cerebrospinal fluid (CSF) and white matter signal. Data analysis was performed using the SPSS version 20, and p-value was gained from the patient-wise analysis by Wilcoxon analysis and paired samples t-test for matched pairs. Results: More lesions in number and size were depicted on the DIR sequence compared with FLAIR (p=0.000 with a relative ratio of 6) and T2W_TSE (p=0.000 with a relative ratio of 10). DIR demonstrated significantly more intracortical lesions compared with FLAIR (p=0.000 with a relative ratio of 2.53) and T2W_TSE (p=0.000 and relative ratio of 8.87). There was significantly higher contrast ratio between the white matter lesions and the normal appearing white matter (NAWM) in all anatomical regions especially in deep white matter (p=0.001). Conclusion: An increasing total number of MS lesions can be detected by DIR sequence; thus, we recommend adding DIR sequence in routine MR protocols for MS patients.
Introduction
Recent studies have revealed gray matter (GM) involvement in the earliest clinical stages of multiple sclerosis (MS), which are correlations between the lesions and degree of physical and cognitive dysfunction. MRI plays an important role in early diagnosis of MS within diagnostic criteria. Consider the important diagnostic value of MRI in patients with clinically isolated syndromes (CIS), which may convert to definite MS followed by long-period disability and brain atrophy (1) (2) (3) (4) (5) (6) . While the disease distinctively affects the periventricular regions, calloso-septal interface, cerebellum, brainstem, and basal ganglia, nowadays more attention has been given to the function of the gray matter (7) (8) (9) . Conventional MRI cannot demonstrate intracortical lesions (ICLs) well because of their small size Page 4163 and poor contrast compared with surrounding normal appearing gray matter (NAGM) as well as partial volume effects from cerebrospinal fluid (CSF) in T2-weighted spin echo/turbo spin echo (T2W_SE/TSE) and even in fluid attenuated inversion recovery (FLAIR) images (10) (11) (12) . Several attempts were carried out recently, using different pulse sequences, to increase the sensitivity to detect more MS lesions in different anatomical regions. FLAIR imaging has less sensitivity in displaying lesions in the posterior fossa with the highest sensitivity near the CSF, like juxtacortical and the periventricular white matter. Despite the higher sensitivity of T2W_SE/TSE to display infratentorial lesions, the problem is to detect the juxtacortical lesions (10, 11, 13) . DIR images display great delineation of gray matter. The optimized contrast is due to differences in T1 relaxation times between GM/CSF and GM/WM (14) (15) (16) . Redpath and Smith developed the DIR sequence, which produces dual contrasts of FLAIR and short time inversion recovery (STIR) (15, 17, 18) . Two combined inversion pulses in the DIR technique eliminates the signal from the normal appearing white matter (NAWM) and CSF and improves detection of cortical lesions (15, 19, 20) . The importance of gray matter damages in MS patients and the potential of DIR sequence to detect cortical lesions excited us to operate the technique and introduce the magnitude of DIR in many imaging centers in our country.
Material and Methods
In the present cross-sectional study, 55 patients (18 male, 37 female) were randomly selected from patients suffering from definite MS who were referred to the Neurology Department of Vali-E-Asr Hospital in Qaemshahr, Iran, from May 2016 to February 2016. Forty-two patients presented with RRMS (median age, 35.5 years; age range, 24-50 years) and 13 patients with SPMS (median age, 39 years; age range, 29-47 years). The present study was confirmed by the local ethics committee of the hospital, and all the patients went under examination after obtaining a written informed consent. Imaging was performed on a 1.5T Philips (Ingenia) MR system in the MRI Department of Vali-EAsr Hospital, Qaemshahr (Iran). Conventional MRI sequences were carried out as well as DIR, FLAIR, and T2W_TSE sequences. We compared these three sequences in the axial plane with identical anatomic position, using parameters including field of view (FOV), matrix, voxel size, number of signal averaging (NSA), and slice thickness and using a sensitivity encoding (SENSE) head coil. From our experience, the sagittal plane is preferred to display MS lesions in collo-septal and corpus callosum areas. But MS plaques in the areas of subcortical and juxtacortical are demonstrated better in axial orientation; thus, we decided to study MS plaques in the area by axial view. The parameters are noted in Table 1 . The DIR sequence is known as GM only (gray matter only) and WM only (white matter only) imaging in Philips MR systems. An appropriate choice of inversion times allows either CSF and white matter to be suppressed, to depict the cortex alone, or CSF and gray matter to be suppressed, to depict the white matter. Two inversion delay times (TI1=3400 and TI2=325 ms) are available in the system. First TI denotes intervals between the first 180 ͦ inverter pulse and the 90 ͦ excitation pulse, and the second TI denotes intervals between the second 180 ͦ inverter pulse and the 90 ͦ excitation pulse. It is necessary to lengthen the first TI in DIR compared with the TI in a FLAIR sequence for better CSF attenuation (17, 21) . 2:14 3:20 3 Note: DIR represents double inversion recovery; FLAIR, fluid-attenuated inversion recovery; T2 _TSE, T2-weighted turbo spin-echo; SENSE, sensitivity encoding. First time inversion (TI1=3400 ms) and second time inversion (TI2=325 ms). Two saturation slabs were placed, one superiorly above the slices, on the sagittal sinus and the other one, inferiorly to the slices to eliminate blood vessels artifacts as well as switching on the flow compensation to decrease pulsation artifacts arising from large vessels.
Image analysis
MS lesions appeared as hyper-intense spots with a size of ≥2 mm. Contrary to these hyper-intense spots, there were some high signal intensity in a striped shape known as flow artifacts in extra cortical regions rising from the sinuses or major vessels. The number of lesions was calculated individually in each sequence, and lesions were divided according to their anatomical regions into (A) infratentorial lesions; (B) WM lesions; (C) intracortical lesions (ICLs). WM lesions are included to (a) periventricular lesions, which are adjacent to the lateral ventricles; (b) deep white matter (DWM) lesions, which are in deep WM, and (c) juxtacortical WM lesions, which actually are in the WM but touch the cortex (2, 15). The signal intensity was determined by locating the region-of-interest (ROI) in a mean size of 3 mm × 3 mm on the lesions, the NAWM, and NAGM. The contrast ratios were calculated from the mean values of the contrast among lesions/NAGM, lesions/NAWM, lesions/CSF, and NAWM/NAGM separately in each technique and all anatomical regions. The contrast ratios were assessed according to (SI1 _ SI2) / (SI1+ SI2), which SI1 representing the signal intensity of the lesions and SI2 representing the signal intensity of the NAWM, NAGM, or CSF. The contrast ratio between lesions and the NAWM were applied separately in infratentorial and supratentorial. Using the eight-element SENSE head coil and the automatic performing of the constant level appearance (CLEAR) algorithm in order to correct the signal intensity homogeneity for images made it difficult to carefully estimate signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) (2, 17, 22).
Statistical analysis
Total number of detected lesions and lesions in each region were separately determined and stated as mean ± standard deviation and median. A Wilcoxon test was used for matched pairs to assess statistical differences in both analyses. The mean relative evaluation of detected lesions on DIR compared with FLAIR or T2W_TSE images was reported as a percentage gain or loss in the number of detected lesions. A positive relative measurement of lesions represented as a gain and a negative measurement represented a loss at DIR imaging regarding to FLAIR and T2W_TSE (2, 17, 22) . The contrast ratio differences between the sequences in different regions were distinguished using the Wilcoxon test for matched pairs. The statistical analysis was performed by the IBM© SPSS© Statistics version 20 (IBM© Corp., Armonk, NY, USA) and p<0.05 were presumed as statistically significant.
Results
In the present study, 2658 lesions were detected with DIR imaging, while 2513 lesions with FLAIR and 2423 lesions were detected with T2W_TSE. A significantly higher total number of lesions were displayed on DIR images compared with FLAIR (p=0.000 with a relative ratio of 6) and T2W (p=0.000 with a relative ratio of 10) imaging (Table 2 ). Lesions were depicted as being significantly higher on DIR imaging with respect to FLAIR and T2 weighted imaging in infratentorial region (p=0.000 with a relative ratio of 18 and p=0.001 and a relative ratio of 10, respectively) (Table 2, Figure 1) . A higher number of lesions in supratentorial regions in juxtacortical WM lesions was detected on DIR image compared with FLAIR (p=0.000 with a relative ratio of 8) and T2W (p=0.000 with a relative ratio of 18) images (Table 2, Figure 2) . A slightly higher number of periventricular WM lesion was detected in DIR imaging with respect to FLAIR imaging (p=0.14 with a relative ratio of 1), but there was a significant difference between DIR and T2W images (p=0.009 with a relative ratio of 3) ( Table 2) . A relative loss of lesion detection at DIR imaging was observed regarding FLAIR and T2W imaging in the deep white matter series (p=0.285 with a relative ratio of -2 and p=0.83 with a relative ratio of -1, respectively) ( Table 2) . DIR imaging demonstrated significantly more intracortical lesions compared with FLAIR (p=0.000 with a relative ratio of 2.53) and T2W_TSE (p=0.000 with a relative ratio of 8.87) imaging (Figure 3, 4) . Contrast measurements of DIR, FLAIR, and T2W_TSE imaging are listed in Table 3 . There was a significantly higher contrast between the white matter lesions and NAWM on DIR images in infratentorial (p=0.039 and p=0.017), periventricular (p=0.009 and p=0.004) and juxtacortical (p=0.049) matched to both T2W_TSE and FLAIR images. The contrast between DWM lesions and NAWM was prominent in DIR (p=0.001) compared with both T2W_TSE and FLAIR images. DIR sequences showed higher contrast ratio between the lesions and NAGM, when compared to T2W sequences (p=0.178), but there wasn't a statistical significance regarding to FLAIR imaging (p=0.626); however, the detected lesions by DIR were more clear. There was a significant difference between NAGM and NAWM in DIR imaging in comparison with T2W (p=0.003) and FLAIR (p=0.001) images. The contrast ratio between the lesions and CSF was significantly better regarding to T2W imaging (p=0.019) and was optimized with respect to FLAIR imaging without statistical significance (p=0.689). 
Discussion
Nowadays, contrary to new advanced MR techniques, including MR spectroscopy and diffusion tensor imaging (DTI) in patients with MS, conventional MRI sequences play an important role in early diagnosis of the disease in patients with CIS suggestive of MS or definite MS (2, 23) . In a previous study, D. Chard acknowledged the role of DIR sequence for diagnostic criteria in patients with MS, especially for acute symptoms produced by new cortical lesions. GM damages in multiple sclerosis confirmed novel diagnostic criteria for these patients (2, 24, 25) . DIR showed a significantly higher total number of MS lesions in all anatomical regions compared with FLAIR and T2W_TSE, conforming to different studies (2, 15, 17, 22) . Although T2W imaging is still considered the gold standard in infratentorial, we observed more lesions in comparison with FLAIR and T2W_TSE sequences in this region, which is equivalent with the result of Elnekeidy et al. (15) reported a higher number of detected lesions in DWM with T2W and FLAIR imaging regarding to DIR (p=0.022 and p=0.027, respectively). FLAIR imaging displayed slightly more lesions in the DWM region compared with the DIR sequence, which are equivalent with the findings of Geurts et al. (22) and Wattjes et al. (17) . But it is contrary with the finding of Elnekeidy et al. (2) . In the present study, contrast measurements were calculated objectively in order to avoid creating subjective data by visual evaluation of contrast, which may be affected by windows and levels, magnification, and contrast and monitor brightness (2, 17) . According to the main purpose of our study for lesion detection in these sequences, an improved distinction between GM/WM seems to be of second importance. The current study demonstrated better contrast ratio and delineation of the MS lesions on the DIR sequence compared with T2W_TSE and FLAIR sequences in all anatomical regions, which led to higher sensitivity to display MS lesions, especially ICLs. The contrast differences between the lesions and NAWM in FLAIR and T2W imaging were slightly equivalent in the infratentorial, periventricular, juxtacortical regions, but prominent in the DWM duo to completely suppress of WM in the DIR sequence. MS lesions near the CSF were more countable compared with confluent lesions in FLAIR and T2W_TSE because of better margins and contrast from great CSF nulling at DIR images. A better contrast ratio and improved distinction between NAGM/NAWM have been obtained on DIR imaging so, deciding about the location of the lesion in GM or WM was easier compared with FLAIR and T2W images. Some readers believed the interference of increased signals from GM with the high signal of MS lesions may make lesions less obvious on DIR in some patients; CSF nulling in some patients is less homogeneous on DIR images compared with FLAIR. However, CSF nulling was suitable on DIR images even in the worst conditions. Previous studies reported flow artifacts observed in posterior fossa, choroid plexus, periventricular WM, and periaqueductal, brainstem tissue, which may be from CSF pulsation or from sinuses and bigger vessels. Some other two-sided high-signal ribbon-like artifacts in the phase direction were often observed in extra-cortical regions, and their appearance change in continual sections. Also, lower SNR in the DIR technique and inhomogeneity of the magnetic field in the cortex of the limbic lobe and diminished inhomogeneity in the cortex of central sulcus should be noticed. Viewing multiple slices and other MRI sequences such as T1-weighted or FLAIR will help to report them as lesions (which are in an irregular shape) or as an artifact resulting from cortical vessels, which is rounded (21, 22, 26, 27) . We arranged data acquisition by two saturation slabs: one superiorly placed above the slices on the sagittal sinus, and the other one inferiorly to the slices to eliminate blood vessels artifacts as well as switching on the flow compensation to decrease pulsation artifacts arising from large vessels; thus, we could obtain good results ( Figure 5 ). Inflammation of new white matter lesions in MS is a cause for lesion enhancement on T1-weighted images after intravenous (IV) injection of a gadolinium-based contrast agents. T1 shortening is the eminent effect at common doses of gadolinium injection and contrast enhancement of active lesions causes to detect them on clinical MR images. Therefore, T 1-weighted-based sequences are usually used for post-contrast MR imaging. In addition to T2-weighted appearance on FLAIR images with dark cerebrospinal fluid, they have additional T1 contrast, which is the reason for the ability to see gadolinium-induced enhancement. As several papers have reported, FLAIR sequence has a high sensitivity to display MS plaques after gadolinium injection (28, 29) . The aim of our study was to compare the number of detected lesions on these three sequences. Thus, it was performed on inactive MS lesions without IV contrast administration, and we came to the conclusion that DIR has higher sensitivity compared with FLAIR and T2W sequences. As previously mentioned, the contrast in DIR is a combination of STIR and FlAIR. Thus, there is hope that good results will come after injection. Despite the advantages of three-dimensional (3D) MRI such as improved detection of MS lesions, better spatial resolution, the ability of post-processing, and higher SNR over 2D sequences, oversampling in the slab direction will increase the acquisition time. 2D-DIR has superiority over 3D-DIR sequence due to higher acquisition time of 3D-DIR at high field strength such as 7 T and 3 T (2, 11, 30, 31) . The present study was limited to perform 2D pulse sequences due to the large number of referred patients to the imaging department as well as high scan time of 3D pulse sequences. Thus, it made us compare 2D DIR in optimal parameters with 2D FLAIR and 2D T2W_TSE. As a limitation, there is no DIR (GM/WM only imaging) sequence in some MRI machines; thus, it is necessary to change some of the parameters in order to obtain DIR contrast.
Figure 5.
Using two saturation slabs, one superiorly over and another inferiorly under the slices to eliminate pulsation artifacts.
Conclusions
In conclusion, in the present decade MRI studies have revealed the importance of GM damage and its effect on a patient's disability. MRI has an important role in early diagnosis of multiple sclerosis, and CIS, which may convert to definite MS. Because the DIR sequence has higher sensitivity and accuracy in which to detect more MS lesions in number and size and display more intracortical lesions in comparison with routin sequences, we strongly recommend to add a DIR sequence in the routine MR protocols of MS patients.
